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(54) Multibeam radar system 

(57) A multibeam radar system includes a multi- 
beam radar module having n (n is a natural number of at 
least 3) transmitting/receiving channels for transmitting 
high-frequency signals and receiving echo signals, and 
a radar circuit for detecting a distance up to an object 
which produces the echo signals and/or a relative 
speed of the object from a relationship between the 
high-frequency signals and the echo signals in the 
transmitting/receiving channels. The radar circuit 
includes a channel controller for selecting sets of m (m 
is a natural number smaller than n) adjacent transmit- 
ting/receiving channels sequentially to transmit the 
high-frequency signals and receive the echo signals in a 
high-azimuth-resolution mode. The channel controller 
may also select the transmitting/receiving channels 
sequentially one by one to transmit the high-frequency 
signals and receive the echo signals in a low-azimuth- 
resolution mode. 
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Description 

The present invention relates to a multibeam radar 
system for use as a distance/speed detector in a colli- 
sion alarm system on motor vehicles, and more particu- 
larly to a multibeam radar antenna and a multibeam 
radar module for radiating a plurality of radar beams in 
respective different cfirections with adjacent ones of the 
radar beams overlapping each other. 

FM millimeter-wave radar devices for use as dis- 
tance/speed detectors in collision alarm systems on 
motor vehicles are known from "Radar technology" pub- 
lished by the Society of Electronic Information Commu- 
nications. The known FM millimeter-wave radar devices 
radiate a signal whose frequency increases or 
decreases in a triangular wave pattern with time for- 
ward ly of the motor vehicle and receive an echo signal 
reflected by another motor vehicle running ahead. The 
received echo signal is mixed with the transmitted sig- 
nal, generating a beat signal. The distance up to the 
motor vehicle running ahead and the speed thereof are 
detected from the frequency of the beat signal. 

For an FM radar system to be used as an automo- 
bile radar system, the FM radar system as installed on a 
motor vehicle running along a lane is required to detect 
a distance highly accurately within a range of 100 m and 
also to scan a road horizontally with high-frequency 
beams for monitoring motor vehicles running along left 
and right lanes in front of its own motor vehicle. This is 
because it is possible for any one of the motor vehicles 
running ahead along the left and right lanes to enter the 
lane of its own motor vehicle, and when one of the motor 
vehicles enters the lane, the speed of the motor vehicle 
equipped with the FM radar system has to be reduced 
to avoid collision. 

_ Radar systems or apparatus for monitoring horizon- 
tal objects in front of a motor vehicle are disclosed in 
U.S. patents Nos. 5,008,678 and 5.486,832. 

The radar system disclosed in U.S. patent No. 
5,008.678 employs planar microstrip Butler matrixes for 
electronically scanning radar beams. Because of the 
planar microstrip Butler matrixes, however, the dis- 
closed radar system is relatively expensive to manufac- 
ture. It is important that radar systems for use as radar 
sensors on motor vehicles be reduced in cost as they 
also find applications in radar automatic cruise control 
systems (ACC) and radar brake systems. 

The radar apparatus revealed in U.S. patent No. 
5.486.832 continuously racfiates from a transmit 
antenna a broad fixed beam forwardly of the motor vehi- 
cle which carries the radar apparatus, and switches a 
plurality of receive antenna elements sequentially to 
receive a reflected beam. According the disclosure, the 
transmitted beam is not scanned, but the receive 
antenna elements are sequentially switched to receive 
the reflected beam for thereby monitoring an obstacle 
horizontally ahead of the motor vehicle. One drawback 
of the disclosed radar apparatus is that the transmit 
antenna and the receive antenna elements are located 



in separate positions. A dielectric lens used by the radar 
apparatus for converging a high-frequency beam is gen- 
erally costly to manufacture. The cost of the radar appa- 
ratus will be high if two independent lenses are used to 

5 transmit and receive a high-frequency beam. 

Radar systems for motor vehicles are mostly 
mounted on front bumpers, and hence should be small 
in size. In addition, the radar systems for motor vehicles 
are required to have an increased azimuth resolution. If 

10 the width of the high-frequency beam is reduced to 
increase the azimuth resolution, then the dielectric lens 
has to have an increased diameter. According to the 
radar apparatus disclosed in U.S. patent No. 5,486,832, 
the entire antenna assembly is large because the trans- 

15 mit antenna and the receive antenna elements are fully 
independent of each other. The higher the azimuth res- 
olution, the greater the antenna assembly, making it 
more difficult to install the radar apparatus on front 
bumpers. 

20 It is preferable to reduce the width of the beam radi- 
ated from the transmit antenna for the purpose of mini- 
mizing interferences between radar apparatus on motor 
vehicles. However, the radar apparatus disclosed in 
U.S. patent No. 5.486.832 is susceptible to such inter- 

25 ferences because a broad fixed beam is continuously 
radiated from the transmit antenna. 

ft is an object of the present invention to provide a 
multibeam radar system which has an inexpensive 
scanning arrangement for scanning a high-frequency 

30 beam. 

Another object of the present invention is to provide 
a multibeam radar system which has a single dielectric 
lens or parabolic reflecting mirror for ease of installation 
on motor vehicles and a low cost 

35 Still another object of the present invention is to 
provide a multibeam radar system which. has an 
increased number of azimuth channels for an increased 
azimuth resolution while minimizing interferences 
between transmitting and receiving antenna elements. 

40 A yet still another object of the present invention is 
to provide a multibeam radar system which transmits 
and receives FM signals in a time-sharing fashion to 
reduce interferences between radar systems on motor 
vehicles. 

45 According to an aspect of the present invention, 
there is provided a multibeam radar antenna comprising 
a dielectric substrate and a plurality of transmit- 
ting/receiving channels for transmitting high-frequency 
signals and receiving echo signals, the transmit- 
so ting/receiving channels being mounted on the dielectric 
substrate and comprising a first group of planer array 
antenna elements as a transmitting primary radiator 
and a second group of planer array antenna elements 
as a receiving primary radiator, the first group of planer 
55 array antenna elements and the second group of planer 
array antenna elements being disposed in opposite 
relation to each other on the dielectric substrate. 

The first group of planer array antenna elements 
and the second group of planer array antenna elements 
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are disposed in interdigitating relation to each other on 
the single dielectric substrate. The multibeam radar 
antenna may further include a electromagnetic shield 
partition disposed on the dielectric substrate, the first 
group of planer array antenna elements and the second 5 
group of planer array antenna elements being sepa- 
rated from each other by the electromagnetic shield par- 
tition disposed therebetween. 

According to another aspect of the present inven- 
tion, there is provided a multibeam radar module com- 10 
prising a dielectric substrate and a plurality of 
transmitting/receiving channels for transmitting high-fre- 
quency signals and receiving echo signals, the transmit- 
ting/receiving channels being mounted on the dielectric 
substrate and comprising a first group of planer array is 
antenna elements as a transmitting primary radiator 
and a second group of planer array antenna elements 
as a receiving primary radiator, the first group of planer 
array antenna elements arid the second group of planer 
array antenna elements being disposed in opposite 20 
relation to each other on the single dielectric substrate, 
and a plurality of switching devices mounted on the die- 
lectric substrate for selectively operating the transmit- 
ting/receiving channels to transmit the high-frequency 
signals and receive the echo signals. 25 

The plurality of transmitting/receiving channels may 
comprise n (n is a natural number of at least 3) transmit- 
ting/receiving channels, and a channel controller may 
control the switching devices to select sets of m (m is a 
natural number smaller than n) adjacent transmit- 30 
ting/receiving channels sequentially to transmit the 
high-frequency signals and receive the echo signals. 
Alternatively, the channel controller may control the 
switching devices to select the transmitting/receiving 
channels sequentially one by one. 35 

The high-frequency signals and the echo signals 
may comprise FM signals whose frequencies are varia- 
ble with time, and a frequency mixer may mix the high- 
frequency signals and the echo signals to generate beat 
signals. 40 

According to still another aspect of the present 
invention, there is provided a multibeam radar system 
comprising a multibeam radar module having n (n is a 
natural number of at least 3) transmitting/receiving 
channels for transmitting high-frequency signals and 45 
receiving echo signals, and a radar circuit for detecting 
a distance up to an object which produces the echo sig- 
nals and/or a relative speed of the object from a rela- 
tionship between the transmitted high-frequency signals 
and the echo signals in the transmitting/receiving chan- so 
nels, the radar circuit including a channel controller for 
selecting sets of m (m is a natural number smaller than 
n) adjacent transmitting/receiving channels sequentially 
to transmit the high-frequency signals and receive the 
echo signals. 55 

According to yet still another aspect of the present 
invention, there is provided a multibeam radar system 
- comprising a multibeam radar module having a plurality 
of transmitting/receiving channels for transmitting high- 



frequency signals and receiving echo signals, and a 
radar circuit for detecting a distance up to an object 
which produces the echo signals and/or a relative 
speed of the object from a relationship between the 
high-frequency signals and the echo signals in the 
transmitting/receiving channels, the radar circuit includ- 
ing a channel controller for selecting the transmit- 
ting/receiving channels sequentially one by one to 
transmit the high-frequency signals and receive the 
echo signals. 

According to a further aspect of the present inven- 
tion, there is provided a multibeam radar system com- 
prising a multibeam radar module having n (n is a 
natural number of at least 3) transmitting/receiving 
channels for transmitting high-frequency signals and 
receiving echo signals, and a radar circuit for detecting 
a distance up to an object which produces the echo sig- 
nals and/qr a relative speed of the object from a rela- 
tionship between the high-frequency signals and the 
echo signals in the transmitting/receiving channels, the 
radar circuit including a channel controller for alterna- 
tively selecting sets of m (m is a natural number smaller 
than n) adjacent transmitting/receiving channels 
sequentially to transmit the high-frequency signals and 
receive the echo signals in a high-azimuth-resolution 
mode and selecting the transmitting/receiving channels 
sequentially one by one to transmit the high-frequency 
signals and receive the echo signals in a low-azimuth- 
resolution mode. 

The channel controller may select the high-azi- 
muth-resolution mode and the low-azimuth-resolution 
mode alternatively depending on a range to be detected 
by the radar circuit The channel controller may select 
the high-azimuth-resolution mode and the low-azimuth- 
resolution mode alternately in predetermined periodic 
cycles. 

The above and other objects, features, and advan- 
tages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate pre- 
ferred embodiments of the present invention by way of 
example. 

FIG. 1 is a plan view of a physical structure of a 
multibeam FM radar module according to an 
embodiment of the present invention; 
FIG. 2 is a block diagram of a multibeam FM radar 
system which incorporates the multibeam FM radar 
module shown in FIG. 1 ; 

FIG. 3 is a perspective view of a substantially para- 
bolic reflecting mirror combined with the multibeam 
FM radar module shown in FIG. 1 ; 
FIG. 4 is a perspective view of a dielectric lens com- 
bined with the multibeam FM radar module shown 
in FIG. 1; 

FIG. 5 is a diagram showing vertical and horizontal 
radiation patterns of a three-element patch array 
antenna; 

FIG. 6 is a timing chart illustrative of the manner in 
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which sets of three adjacent transmitting/receiving 
channels are operated sequentially; 
FIG. 7 is a diagram showing vertical and horizontal 
radiation patterns of a one-element patch array 
antenna; 5 
FIG. 8 is a timing chart illustrative of the manner in 
which transmitting/receiving channels are operated 
sequentially one by one; 

FIG. 9 is a diagram illustrative of a horizontal radia- 
tion pattern in a high-azimuth-resolution mode and 10 
a horizontal radiation pattern in a low-azimuth-reso- 
lution mode; 

FIG. 10 is a plan view of a physical structure of a 
muttibeam FM radar antenna according to another 
embodiment of the present invention; and is 
FIG. 1 1 is a block diagram of a multibeam FM radar 
system which incorporates the multibeam FM radar 
antenna shown in FIG. 10. 



FIG. 1 shows a multibeam FM radar module 10 20 
according to an embodiment of the present invention, 
and FIG. 2 shows a multibeam FM radar system which 
incorporates the multibeam FM radar module 10 shown 
in FIG. 1. 

As shown in FIG. 1 , the multibeam FM radar mod- 25 
ule 10 comprises a transmitting primary radiator which 
comprises a plurality of (eight) planar patch array 
antenna elements 12a. 12b, 12c, • • • , I2h in the form 
of microstrips and a receiving primary radiator which 
comprises a plurality of (eight) planer patch array 30 
antenna elements 13a ( 13b, 13c, 13h in the form 
of microstrips. The patch array antenna elements 12a, 
12b t 12c, • • I2h and the patch array antenna ele- 
ments 13a, 13b, 13c, • • 13h jointly provide respec- 
tive transmitting/receiving channels. The patch array 35 
antenna elements. j 2a. 12b, 12c, • • - , I2h and the 
patch array antenna elements 13a. 13b. 13c, • • • , I3h 
are mounted in opposite interdigitating relation to each 
other on a dielectric substrate 11. The multibeam FM 
radar module also comprises a plurality of switching 40 
devices 14a, 14b, 14c, • • • , I4h mounted on the die- 
lectric substrate 11 and electrically connected respec- 
tively to the patch array antenna elements 12a, 12b, 
1 2c, , I2h, and a plurality of switching devices 15a! 

1 5b, 15c, , I5h mounted on the dielectric substrate 4s 

1 1 and electrically connected respectively to the patch 
array antenna elements 13a, 13b. 13c, • - - , I3h. Each 

of the switching devices 14a, 14b, 14c, , I4h and 

the switching devices 15a, 15b, T5c. • • I5h com- 
prises an MMIC (Monolithic Microwave Integrated Cir- so 
cult) which includes high electron mobility transistors 
(HEMT). However, each of the switching devices 14a, 
14b, 14c, • • I4h and the switching devices 15a, 15b, 
15c. • •-• , I5h may comprise pin diodes instead of an 
MMIC of HEMTs. 55 

As shown in FIG. 2. the patch array antenna ele- 
ments 12a, 12b, 12c, • • I2h are electrically con- 
nected through the respective switching devices 14a, 
14b. 14c, • • - , i4h and a common feed line 19 to an 



FM signal generator 23 of a main radar circuit 20. The 
patch array antenna elements 13a. 13b. 13c, • • •. I3h 
are electrically connected through the respective 
switching devices 15a, 15b. 15c, • • • , 15h and a com- 
mon feed line to an input terminal of a mixer 1 6 which is 
mounted on the dielectric substrate 11. Another input 
terminal of the mixer 16 is connected to the FM signal 
generator 23 through the feed line 19. The mixer 16 may 
be not only single mixer but also a plurality of mixers 
correspond to the each switchng device 15a, 15b, 15c, 
• • • . 15h and the each patch array antenna elements 
13a, 13b, 13c. , 13h. 

The transmitting and receiving primary radiators 
are used as a primary radiator of an offset defocused 
multiple-beam parabolic antenna shown in FIG. 3. AS 
shown in FIG. 3, the multibeam FM radar module 10 is 
mounted on a holder 40 and positioned in the vicinity of 
the focal point of a substantially porabolic reflecting sur- 
face 30. serving as a secondary radiator, which is cou- 
pled to the holder 40 and faces the holder 40. 

The transmitting and receiving primary radiators 
and the substantially porabolic reflecting surface 30 as 
the secondary radiator jointly make up the offset defo- 
cused multiple-beam parabolic antenna. The offset 
defocused multiple-beam parabolic antenna is typically 
mounted on the front bumper of a motor vehicle. 

The substantially porabolic reflecting surface 30 
may be replaced with another reflecting surface such as 
a cylindrical reflecting surface, a hyperbolic reflecting 
surface, a horn-shaped reflector, or a corner reflector. 

The multibeam FM radar module shown in FIG. 1 
may instead be combined with a dielectric lens 50 as 
shown in FIG. 4. In FIG. 4. the multibeam FM radar 
module is positioned in the vicinity of the focal point of 
the dielectric lens 50. 

As shown in FIG. 2, an FM signal generated by the 
FM signal generator 23 is supplied through the switch- 
ing devices 14a. 14b, 14c, • • • , 14h to the patch array 
antenna elements 12a, 12b, 12c, • ♦ • . I2h, which radi- 
ate FM signal beams. The FM signal from the FM signal 
generator 23 Is also supplied to the frequency mixer 16. 
The radiated FM signal beams are reflected by the 
reflecting surface 30, and radiated in slightly different 
directions, respectively, from the reflecting surface 30 
with adjacent ones of the radiated FM signal beams * 
overlapping each other. When the radiated FM signal 
beams are reflected as echo FM signal beams by an 
object *siich as another motor vehicle, the echo FM sig- 
nal beams travel back to the reflecting surface 30 and 
reflected thereby to the patch array antenna elements 

13a. 13b. 13c. , I3h. The received echo FM signals 

are selected by the switching devices 15a. 15b. 15c. 

• • • . 15h and supplied to the mixer 16. 
The mixer 16 generates a beat signal by mixing the * 

FM signal from the FM signal generator 23 and the echo 
FM signals from the switching devices 15a, 15b f 15c, 

• • • , 15h. The beat signal is supplied to the main radar 
circuit 20. In the main radar circuit 20, the beat signal is 
supplied through a switching device 24 to an A/D (ana- 
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log-to-digital) converter 25, which converts the analog 
beat signal to a digital signal. The digital signal is sup- 
plied to a fast-Fourier transform (FFT) circuit 26. The 
fast-Fourier transform circuit 26 effects a fast-Fourier 
transform on the digital beat signal to generate a fre- 5 
quency spectrum data of the beam signal, and sends 
the frequency spectrum data to a CPU (central process- 
ing unit) 21 . The CPU 21 detects a beat frequency from 
the frequency spectrum data., and determines the dis- 
tance up to the object which has reflected the FM signal 10 
beams and a rate of change of the distance with respect 
to time based on the detected beat frequency. The CPU 
21 stores data about the determined distance and rate 
of change thet eof m a memory 27. 

At tr>e same tome, the CPU 21 controls a channel is 
contooB** 22 to wHect the transmitting/receiving chan- 
nels socce***re*y to* fcansmrttng FM signal beams and 
receiving «ctx TM wgnaJ beams. Specifically, the chan- 
nel contottcf 22 seocte control signals to the switching 
devices 14a 14b i*c • • 14h and the switching so 
devices 1 Si I!*} \bc 1 Sh for selecting the trans- 

mitting* ec^^-nng ctvarrwaK sequentially in sets of adja- 
cent charmeH or on# t>y one 

For e**rnp** n mr»# adjacent transmitting/receiv- 
ing channels are simultaneously selected, vertical and 25 
horizontal tacfcaton patterns of three patch array 
antenna etemenrs tea three-element patch array 
antenna, are s*rn*af ry snarp as shown in FIG. 5. 

In such a tf*ee-e*emem selection mode, control 
signals suppled from ne channel controller 22 to the 30 
switching devices 14a I4h. 15a - 15h are turned on 
and off as shown m FK3 6 In FIG. 6, the control signals 
as they are turned on represent activation of the chan- 
nels A - H, and the control signals as they are turned off 
represent inactrvabon 0* the channels A - H. When the 35 
control signals are turned on as shown in FIG. 6, sets of 
. three channels A. B. C. three channels B, C, D, three 
channels C, D, E, and so on are selected sequentially to 
transmit and receive FM signal beams. In this three-ele- 
ment selection mode, the horizontal radiation pattern is 40 
also sharp for detecting an object in a far range with a 
high azimuth resolution. 

If one of the transmitting/receiving channels is 
selected at a time, then a horizontal radiation pattern of 
one patch array antenna element, i.e., a one-element 45 
patch array antenna, is wider than its vertical radiation 
pattern as shown in FIG. 7. 

In such a one-element selection rrode, control sig- 
nals supplied from the channel controller 22 to the 
switching devices 14a ~ 14h, 15a ~ 15h are turned on so 
and off as shown in FIG. 8. In FIG. 8, the control signals 
as they are turned on represent activation of the chan- 
nels A - H. and the control signals as they are turned off 
represent inactivation of the channels A ~ H. When the 
control signals are turned on as shown in FIG. 8. the ss 
channels A ~ H are selected sequentially one by one to 
transmit and receive FM signal beams. In this one-ele- 
ment selection mode, the horizontal radiation pattern is 
wider than the vertical radiation pattern for detecting an 



object in a short wide range near the motor vehicle. 

FIG. 9 shows a horizontal radiation pattern in a 
high-azimuth-resolution mode, which may be the three- 
element selection mode, and a horizontal radiation pat- 
tern in a low-azimuth-resolution mode, which may be 
the one-element selection mode. In the high-azimuth- 
resolution mode, sharp FM signal beams are radiated 
from the multibeam radar antenna to a far area in front 
of the motor vehicle. In the low-azimuth-resolution 
mode, short wide FM signal beams are radiated from 
the multibeam radar antenna to a near wide area in front 
of the motor vehicla 

According to a modification, the CPU 21 may con- 
trol the channel controller 22 to select the transmit- 
ting/receiving channels in a manner to operate 
alternately in the high-azimuth-resolution mode and the 
low-azimuth -resolution mode in predetermined periodic 
cycles for thereby monitoring the far area and the near 
wide area alternately. Alternatively, the CPU 21 may 
control the channel controller 22 to select sets of two 
adjacent channels, i.e., two channels A, B, two channels 
B f C, two channels C, D, and so on (see FIG. 6) sequen- 
tially to transmit and receive FM signal beams for 
thereby achieving a resolution intermediate between 
the resolutions of the modes shown in FIGS. 6 and 8. 
respectively. Further alternatively, the CPU 21 may con- 
trol the channel controller 22 to select sets of four adja- 
cent channels, i.e., four channels A, B, C, D, four 
channels B, C. D, E, four channels C, D, E, F, and so on 
(see FIG. 6) sequentially to transmit and receive FM sig- 
nal beams for thereby achieving a resolution higher than 
the resolution of the mode shown in FIG. 6. 

FIG. 10 shows a physical structure of a multibeam 
FM radar antenna according to another embodiment of 
the present invention, and FIG .11 shows a multibeam 
FM radar system which incorporates the multibeam FM 
radar antenna shown in FIG. 10. 

In FIG. 10, the multibeam FM radar antenna com- 
prises a plurality of (sixteen) patch array antenna ele- 
ments 12a, 12b. 12c. 12p in the form of 
microstrips and a receiving primary radiator which com- 
prises a plurality of (sixteen) patch array antenna ele- 
ments 13a, 13b, 13c, 13p in the form of 
microstrips. The patch array antenna elements 12a - 
12p and the patch array antenna elements 13a ~ 13h 
are mounted in opposite relation to each other on a die- 
lectric substrate 1 1 , and separated from each other by a 
electromagnetic shield partition 9 disposed therebe- 
tween centrally on the dielectric substrate 1 1 . 

In FIG. 1 those parts which are identical to those 
shown in FIG. 2 are designated by identical reference 
numerals and representations, and will not be described 
in detail below. The multibeam FM radar antenna 
includes a plurality of mixers 16a ~ 16p associated 
respectively with the sixteen transmitting/receiving 
channels, and a plurality of local-oscillation switching 
devices 1 7a - 1 7p for selectively supplying local oscilla- 
tion signals to the mixers 16a - 16p, respectively. Beat 
signals generated by the respective mixers 16a ~ 16p 
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are amplified by respective intermediate-frequency 
amplifiers Aa - Ap and then supplied to a selector 28 of 
the main radar circuit 20. 

The multibeam FM radar system shown in FIG. 11 
operates essentially in the same manner as the multi- 
beam FM radar system shown in FIG. 2. 

The principles of the present invention are also 
applicable to multibeam radar modules or systems of 
other types including a multibeam AM radar module or 
pulse doppler radar system or general radar system. 

With the arrangement of the present invention, as 
described above, since the transmitting primary radiator 
comprising patch array antenna elements and the 
receiving primary radiator comprising patch array 
antenna elements are separate from each other, no cir- 
culators are required by the multibeam radar module 
and the multibeam radar antenna. Therefore, the mufti- 
beam radar module and the multibeam radar antenna 
may be relatively small in size. 

The patch array antenna elements of the transmit- 
ting primary radiator and the patch array antenna ele- 
ments of receiving primary radiator are mounted in 
opposite relation on the dielectric substrate. Therefore, 
any interferences between adjacent ones of the trans- 
mitting/receiving channels are minimized for increased 
detection accuracy. The antenna of the present inven- 
tion may be used in indoor communication sysytem. 

The transmitting/receiving channels are selected 
sequentially in sets of adjacent channels or one by one. 
Consequently, the multibeam radar module and the 
multibeam radar antenna provides high azimuth detec- 
tion accuracy. 

Although certain preferred embodiments of the 
present invention have been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. 

A multibeam radar system includes a multibeam 
radar module having n (n is a natural number of at least 
3) transmitting/receiving channels for transmitting high- 
frequency signals and receiving echo signals, and a 
radar circuit for detecting a distance up to an object 
which produces the echo signals and/or a relative 
speed of the object from a relationship between the 
high-frequency signals and the echo signals in the 
transmitting/receiving channels. The radar circuit 
includes a channel controller for selecting sets of m (m 
is a natural number smaller than n) adjacent transmit- 
ting/receiving channels sequentially to transmit the 
high-frequency signals and receive the echo signals in a 
high-azimuth-resolution mode. The channel controller 
may also select the transmitting/receiving channels 
sequentially one by one to transmit the high-frequency 
signals and receive the echo signals in a low-azimuth- 
resolution mode. 
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a dielectric substrate; and 
a plurality of transmitting/receiving channels for 
transmitting high-frequency signals and receiv- 
ing echo signals, said transmitting/receiving 
channels being mounted on said dielectric sub- 
strate and comprising a first group of planer 
array antenna elements as a transmitting pri- 
mary radiator and a second group of planer 
array antenna elements as a receiving primary 
radiator, said first group of planer array antenna 
elements and said second group of planer 
array antenna elements being disposed in 
opposite relation to each other on said dielec- 
tric substrate. 



A multibeam antenna according to claim 1 , wherein 
said first group of planer array antenna elements 
and said second group of planer array antenna ele- 
ments are disposed in interdigitating relation to 
each other on said dielectric substrate. 

A multibeam antenna according to claim 1, further 
comprising a electromagnetic shield partition dis- 
posed on said dielectric substrate, said first group 
of planer array antenna elements and said second 
group of planer array antenna elements being sep- 
arated from each other by said electromagnetic 
shield partition disposed therebetween. 

A multibeam radar module comprising: 

a dielectric substrate; and 
a plurality of transmitting/receiving channels for 
transmitting high-frequency signals and receiv- 
ing echo signals, said transmitting/receiving 
channels being mounted on said dielectric sub- 
strate and comprising a first group of planer 
array antenna elements as a transmitting pri- 
mary radiator and a second group of planer 
array antenna elements as a receiving primary 
radiator, said first group of planer array antenna 
elements and said second group of planer 
array antenna elements being disposed in 
opposite relation to each other on said dielec- 
tric substrate; and 

a plurality of switching devices mounted on 
said dielectric substrate for selectively operat- 
ing said transmitting/receiving channels to 
transmit said high-frequency signals and 
receive said echo signals. 



5. 



Claims 



A multibeam antenna comprising: 



A multibeam radar module according to claim 4, 
wherein said plurality of transmitting/receiving 
channels comprise n (n is a natural number of at 
55 least 3) transmitting/receiving channels, further 
comprising a channel controller for controlling said 
switching devices to select sets of m (m is a natural 
number smaller than n) adjacent transmit- 
ting/receiving channels sequentially to transmit said 
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high-frequency signals and receive said echo sig- 
nals. 

6. A multibeam radar module according to claim 4, fur- 
ther comprising a channel controller for controlling 
said switching devices to select said transmit- 
ting/receiving channels sequentially one by one. 

7. A multibeam radar module according to claim 4, 
wherein said high-frequency signals and said echo 
signals comprise FM signals whose frequencies 
are variable with time, further comprising a fre- 
quency mixer for mixing said high-frequency sig- 
nals and said echo signals to generate beat signals. 

8. A multibeam radar system comprising: 

a multibeam radar module having n (n is a nat- 
ural number of at least 3) transmitting/receiving 
channels for transmitting high-frequency sig- 
nals and receiving echo signals; and 
a radar circuit for detecting a distance up to an 
object which produces said echo signals and/or 
a relative speed of said object from a relation- 
ship between said high-frequency signals and 
said echo signals in said transmitting/receiving 
channels, said radar circuit including a channel 
controller for selecting sets of m (m is a natural 
number smaller than n) adjacent transmit- 
ting/receiving channels sequentially to transmit 
said high-frequency signals and receive said 
echo signals. 

9. A multibeam radar system comprising: 

a multibeam radar module having a plurality of 
transmitting/receiving channels for transmitting 
high-frequency signals and receiving echo sig- 
nals; and 

a radar circuit for detecting a distance up to an 
object which produces said echo signals and/or 
a relative speed of said object from a relation- 
ship between said high-frequency signals and 
said echo signals in said transmitting/receiving 
channels, said radar circuit including a channel 
controller for selecting said transmitting/receiv- 
ing channels sequentially one by one to trans- 
mit said high-frequency signals and receive 
said echo signals. + * ^ 

1 0. A multibeam radar system comprising: 



ship between said high-frequency signals and 
said echo signals in said transmitting/receiving 
channels, said radar circuit including a channel 
controller for alternatively selecting sets of m 
5 (m is a natural number smaller than n) adjacent 

transmitting/receiving channels sequentially to 
transmit said high-frequency signals and 
receive said echo signals in a high-azimuth- 
resolution mode and selecting said transmit- 
to ting/receiving channels sequentially one by 
one to transmit said high-frequency signals and 
receive said echo signals in a low-azimuth-res- 
olution mode. 

15 11. A multibeam radar system according to claim 10, 
wherein said channel controller selects said high- 
azimuth-resolution mode and said low-azimuth-res- 
olution mode alternatively depending on a range to 
be detected by said radar circuit. 
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12. A multibeam radar system according to claim 10, 
wherein said channel controller selects said high- 
azimuth-resolution mode and said low-azimuth- res- 
olution mode alternately in predetermined periodic 
cycles. ■ 

13. A multibeam radar system according to claim 10, 
wherein said high-frequency signals and said echo 
signals comprise FM signals whose frequencies 
are variable with time. 

14. A multibeam radar system according to claim 13, 
wherein said radar circuit further comprises a fre- 
quency mixer for mixing said high-frequency sig- 
nals and said echo signals to generate beat signals. 



a multibeam radar module having n (n is a nat- 
ural number of at least 3) transmitting/receiving 
channels for transmitting high-frequency sig- 
nals and receiving echo signals; and 
a radar circuit for detecting a distance up to an 
object which produces said echo signals and/or 
a relative speed of said object from a relation- 
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